ABSTRACT The aim of the present study was to investigate the efficacy of early probiotics (single dose) administered in different ways, on quails' performance, small intestine morphology, blood biochemistry, and immune response. In total, 192 day-old chicks were used in one of the following experimental groups before being transferred to a raising room: 1) Control (no probiotic administered), 2) oral gavage, 3) spray, and 4) vent lip. Four replicates of 12 chicks per cage were considered for each treatment and birds were raised up to 35 d in the same conditions. Probiotic treated birds had higher d 1 to 35 feed intake than the control group (P < 0.05). In addition, oral-gavaged birds had a higher body weight gain as compared to the control (P < 0.05). The values of duodenum length and villus height of the oral group and ileum length and villus height of the vent lip group were greater than that of the control (P < 0.01). Regardless of the method of administration, probiotics resulted in deeper crypts and in a higher number of goblet cells in the duodenum and ileum as compared to the control (P < 0.01). The administration of probiotics resulted in increased plasma uric acid (P < 0.05), glucose, and total protein (P < 0.01). The concentration of hemoglobin was slightly higher in probiotic-supplemented groups. While a decreased concentration of triglyceride was observed in vent-lip probiotic-administered birds compared to control (P < 0.05), the concentration of cholesterol was not significantly affected by treatments (P > 0.01). None of the immune-related parameters were affected by the probiotic (P > 0.05). Single dose usage of probiotics exerts its beneficial effects on quails' body weight gain, feed intake and mortality in 1 to 35 d period, regardless of the route of administration. This work generally supports the efficacy of single-dose usage of probiotics and suggests the spray of probiotics as an early, single-dose administration method.
INTRODUCTION
Birds (free living and the commercial captive ones) are exposed to various environmental microorganisms immediately after hatching. In spite of traditional thinking the intestinal tract of day-old chick is sterile (Pivnick and Nurmi, 1982) , more recent studies using molecular techniques reveal the presence of complex community of bacteria in their intestinal tract originated from the prehatching phase, the environment at the hatchery, or in transport (Pedroso et al., 2005; Dibner et al., 2008) . It is assumed that those microorganisms, which first established themselves in the host's gastrointestinal tract, would colonize and persist throughout the life span (Ducluzeau, 1993) . In this C 2017 Poultry Science Association Inc. Received May 24, 2016 . Accepted October 28, 2016 Corresponding author: Karimitm@modares.ac.ir regard, early settlement of beneficial microorganisms (rather than harmful ones) could provide resistance against pathogens through the improvement of the health and integrity of the digestive tract and by acting as an immune modulator resulting in the improvement of growth (Rolfe, 2000; Cox and Dalloul, 2015) .
However, in commercial systems, chicks are hatched from fumigated eggs in hygienic hatcheries and grow in a sanitized environments without any contact with established microbiota from adults. Under these circumstances, the establishment of microbial flora in the chicks is delayed, which could result in the susceptibility of chicks to pathogens. The early administration of probiotics could fill the gap of delayed microflora establishment by introducing and establishing beneficial microbial flora in hatchlings. The concept of in ovo administration of probiotics extends this approach to pre-hatch embryonic life (Cox and Dalloul, 2015) .
2151 Fuller (1989) described probiotics as beneficial bacteria that influence the host by improving intestinal health. Probiotics could exert their beneficial effects by several mechanisms, such as competitive exclusion, immune modulation, decrease of pH, production of antimicrobial substances, production of enzymes, increased villus surface area, toxin adsorption, and detoxification (Gilliland et al., 1990; Jin et al., 1997; Cox and Dalloul, 2015; Fuller, 1989) , which make them a real multi-functional feed additive. Supplementation of poultry by probiotic cultures (or competitive exclusions) could encourage establishment of a protective barrier of bacteria in the digestive tract and prevent the colonization of growth-depressing or pathogenic microorganisms (Grimes et al., 2008 ).
An exclusive advantage of probiotics over other feed additives is their self-propagation ability in the digestive tract of the host, and this enables an investigation into the possibility of skipping the routine continuous consumption of probiotics. Although a rough phase feeding of probiotics to poultry is common practice recommended by many probiotics manufacturers, a full dose is given at the starter period, and this decreases thereafter to a half dose (Habibi et al., 2013) . The single-dose administration of probiotics is more effective in limiting feeding expenses, in contrast to the phase-feeding strategy provided a similar technical performance is maintained.
The most common route of administering probiotic preparations is in-feed supplementation . Production of the water dispersible probiotic products permits the probiotic administration in drinking water as a second popular method for probiotics usage . However, in hatchery, early probiotic-administration methods like in ovo injection, oral dosing, spray, and more recently, the vent lip method, are alternative routes which are supporting the idea of the necessity of preceding probiotics to avoid the establishment of unwanted microorganisms in digestive tract (Ghadban, 2002) . The comparative efficacy of some of these methods has been reported in a few studies (Corrier et al., 1994; Higgins et al., 2007; Hashemzadeh et al., 2010; Rahimi et al., 2009) .
Based on our knowledge, no study has yet assayed the comparative efficacy of early single-dose probiotics administration methods in quails. The objective of this study was to compare the effects on Japanese quail's performance of a single-dose probiotic administered via 3 different routes, as well as to compare the effects on small intestine histomorphology, blood biochemistry, and immune responses.
MATERIALS AND METHODS

Animal, Treatment and Management
One hundred and ninety-two day-old unsexed Japanese quail (Coturnix coturnix japonica) chicks were randomly assigned into 4 experimental groups with 4 replicates of 12 chicks per cage. The age of breeder flock was 150 d. The study protocol was conducted in accordance with the Animal Care and Use Review Committee guidelines of Tarbiat Modares University, Tehran, Iran. The probiotic treated groups were supplemented with water dispersible probiotic (Protexin, Somerset, UK) within 2 to 4 h after hatch via different administration methods and raised to the end of experiment at d 35 in a similar nutritional and management conditions. The treatments included: 1) control group (no probiotics administered), 2) oral group (received 10 7 cfu/100 μL probiotics via esophageal gavage), 3) spray group (each chick sprayed with 7.2 × 10 7 cfu/ 62 μL in chick's box by a hand held sprayer), and 4) vent lip group (delivered 0.4 × 10 7 cfu/10 μL directly onto vent using a micropipette).
The probiotic administration dose and volume were adjusted on the ground of providing as possible as the same number of microorganisms equal to 10 7 cfu be delivered to each chick. Birds in each group were placed in cages (wire floor: 45 × 40 × 30 cm) furnished with an electrical bulb to provide continuous lighting and ageappropriate supplemental heat controlled by an electrical dimmer. Temperature was maintained at 35
• C at the arrival of chicks for the initial 3 d and then gradually reduced 2.5
• C per week until a temperature of 22.5
• C was achieved.
Diets and Probiotic Preparation
Experimental diets were isocaloric and isonitrogenous, based on corn-soybean meal to meet or exceed NRC (1994) specifications for Japanese quail (Table 1) . Each cage was equipped with a nipple drinker and a mini-trough feeder. Birds had ad libitum access to water and feed throughout the experiment.
The probiotic supplement, Protexin (Protexin, Somerset, UK) used in study contains 2 × 10 9 cfu/g of 9 different microorganisms, including 
Performance
Body weight gain (BWG) and feed intake (FI) of quails were recorded after 14 and 35 d on a cage basis and feed conversion ratios (FCR) were determined. Mortality was recorded daily and performance data were corrected for dead birds.
Small Intestine Histomorphometry
The birds (8 birds per treatment) were euthanized by CO 2 inhalation at d 35 and tissues collected accordingly. A 1 cm segment of the midpoint of the duodenum and ileum were removed rinsed with PBS and fixed in 10% buffered formalin for 72 h. The samples were processed and paraffin embedded. Two samples of each section (5 μm thicknesses) were stained using eosinhematoxylin-alcian blue and periodic acid-Schiff staining, respectively (Kiernan, 2008) . Villus height, crypt depth and the number of goblet cells along 100 μm of villus length was determined using light microscopy (Carl ZEISS standard 20, Oberkochen, Germany) under 100× and 1,000× magnifications.
Blood Biochemistry
At d 35, 2 male birds per cage (8 birds per treatment) were randomly selected and blood samples drawn from brachial vein using EDTA as anti-coagulant, after 3 h of fasting. Hemoglobin was determined in whole blood samples using Drabkin's reagent (Ziest Chemie, Tehran, Iran) while, triglyceride, cholesterol, glucose, total protein and uric acid in plasma samples were spectrophotometrically assayed using commercial human diagnostic kits (Pars Azmun, Tehran, Iran).
Heterophil to Lymphocyte Ratio
Blood smears were prepared from blood samples taken for blood biochemistry to obtain heterophil to lymphocyte ratio. Specimens were stained by Wright's stain (Lucas and Jamroz, 1961) . Total of 100 white blood cells including heterophils and lymphocytes were counted differentially and the heterophil to lymphocyte ratio was calculated.
Immune Responses
Two male birds per cage (8 birds per treatment) were immunized by intramuscular injection of 0.2 mL of sheep red blood cells (SRBC) suspension (5% v/v PBS) into the breast muscle on d 11. Blood samples were drawn after 7 days following the booster SRBC injection. Anti-SRBC antibodies were tittered before and after 2-mercaptoethanol (2ME) treatment to further assess the total immunoglobulin (IgT), 2ME sensitive (IgM) and 2ME resistant (IgY) titers. Antibody titers were reported as log 2 of the reciprocal of the last dilution at which complete agglutination was observed (Qureshi and Havenstein, 1994) .
Statistical Analysis
All data from each pen were considered the experimental unit and analyzed by one-way ANOVA using the GLM procedure of Statistical Analysis System (SAS Institute, 1990). Statements of statistical significance were based on P ≤ 0.05 (Steel and Torrie, 1980) . Duncan's multiple range comparison tests were used to examine significant differences between treatment means. For mortality, data were analyzed using Mantel -Haenszel χ 2 test.
RESULTS
Performance
The effect of early probiotic administration methods on quail's performance are presented in Table 2 . No significant differences were observed in BWG of the birds during d 1 to 14 and d 15 to 35 of the experimental period. However, during the entire experiment period (d 1 to 35), oral group showed higher BWG than control (P < 0.05), but significant differences among probiotic administration methods were not observed. Probiotic administration increased FI during 15 to 35 and 1 to 35 d (P < 0.05), however no significant difference in the FI was observed for probiotic administered via different routes (P > 0.05). Similarly, feed conversion ratio was not influenced by probiotic administration methods. Based on results, probiotic administration tends to reduce the rate of mortality (P = 0.058), compared to control.
Small Intestine Histomorphometry
The results of histomorphometric changes are presented in Table 3 . Using probiotics via oral gavage increased the duodenum length in comparison to control and spray groups (P < 0.05). Despite non-significant difference between oral and vent lip groups, a higher 2154 value of oral group was evident. Probiotic increased ileum length compared to control (P < 0.01) and the vent lip method had the highest ileum length. However, no significant difference was observed between the experimental groups receiving the probiotic via vent lip and or oral method. Assessment of duodenum villus height showed that administration of the probiotic via oral gavage into the crop resulted in higher values compared to control birds (P < 0.01). Significant differences among routes of probiotic administration were not observed in this study. The highest ileum villus height was found in birds that received probiotics through vent (P < 0.01). All 3 experimental groups receiving the probiotic had deeper duodenum and ileum crypts than the control group (P < 0.01). Moreover, probiotic increased the number of PASpositive and alcian blue positive goblet cells in duodenum and alcian blue positive goblet cells in ileum (P < 0.05). The numbers of ileum alcian blue positive goblet cells were not changed statistically between experimental groups, and only a slight increment was observed in probiotic supplemented birds. The number of alcian blue and PAS stained goblet cells in duodenum and ileum were not statistically different among the probiotic administered groups. Higher villus height accompanied by longer small intestine results in increase of intestinal absorptive surface area. Higher duodenum length and villus height were found in oral group, while higher ileum length and villus height were observed in vent lip group, respectively. Administration of probiotic resulted in deeper crypt in duodenum and ileum.
Blood Biochemistry
Blood biochemistry findings are shown in Table 4 . Probiotic administration method had no significant effect on the hemoglobin of quails. We observed decreased level of plasma triglyceride in vent lip group (P < 0.05). The difference between the vent lip and oral, or oral and spray methods were not significant.
No significant influence on the plasma cholesterol level was observed. The plasma glucose level of oral group was the highest among all the experimental groups (P < 0.01). All the 3 probiotics supplemental groups in the study, showed significant increases in plasma total protein compared to the control group (P < 0.01). Uric acid concentration of plasma was higher in groups that were supplemented with probiotic rather than in control (P < 0.05).
Immune Responses
The immune response in the tested Japanese quail used in study is presented in Table 5 . The percentage of heterophil and lymphocyte and heterophil to lymphocyte ratio did not show significant differences (P > 0.05). Early administration methods of probiotic did not lead to significant differences in anti-SRBC antibody titer in comparison with the control (P > 0.05). However, slight non-significant increase of anti-SRBC antibody titer was observed in probiotic administered birds.
DISCUSSIONS
Performance
Previously, Khan et al. (2007) reported higher BW gain in broiler chickens by oral gavage of probiotics compared to the control. Commercial hatcheries are not sterile, and microbial contamination of day-old chicks is possible during transportation from hatchery to farm. In addition, hatchlings' intestinal flora are not completely formed on the day of hatch (Mead, 2000) ; therefore, early or in-hatchery administration of probiotics could be an appropriate way to accelerate establishment of flora and help protect against opportunistic and pathogenic bacteria. In this study, early administration of probiotic led to higher performance in comparison to control, while significant difference was observed in birds receiving the probiotic by oral gavage method. As suggested by Nurmi and Rantala (1973) , early arrival of commensal microorganisms might improve bird's health by facilitating prevention of pathogens attachment to intestinal wall through competitive exclusion mechanism.
It is suggested, that the enhancement of growth performance and feed efficiency of probiotic-supplemented birds might be induced by the entire effects of probiotic action such as the maintenance of beneficial microbial population (Fuller, 1989) , improving feed intake and digestion (Nahanshon et al., 1992) , altering gastrointestinal microflora (Gebert et al., 2007) , immune system modulation (Cox and Dalloul, 2015) , and bacterial metabolism (Cole et al., 1987; Jin et al., 1997) .
Small Intestine Histomorphometry
Our results approve the fact that probiotic influences the histomorphology of small intestine (Pelicano et al., 2005; Awad et al., 2008; Rahimi et al., 2009; Lee et al., 2010) . Interestingly, the probiotic histomorphometric alteration in small intestine showed a directional dependency. Administration of probiotic via oral gavage affects greatly the proximal section of small intestine-duodenum, while probiotic administration via vent lip method greatly influenced the distal section of small intestine-ileum. The relative shorter distance probiotic microorganisms travel to ileum when administered through vent lip compared to the harsher (presence of acid, enzymes, and bile salts) and longer path for probiotics administered via oral gavage could explain this directional-dependent response observed in intestine. Our results are in agreement with those of Higgins et al. (2008) and Hashemzadeh et al. (2010) , who reported higher effectiveness of cloacal administration of probiotics against colonization by Salmonella enteritidis in the lower parts of small intestine. The higher effectiveness of oral method compared to vent lip in duodenum histomorphometric stimulation may justified by the fact that duodenum is the first segment of intestine that oral-gavaged microorganisms entered and colonized.
Stem cells in the crypts of Lieberkuhn proliferate and the new cells differentiate as they ascend the villus, taking on such functions as absorption (enterocytes) or mucin secretion (goblet cells) then extrude to lumen. Therefore, the length of villi is related to balance of proliferating rate in the crypts and rate of turnover of enterocyte of villus tip (Klasing, 1998) .
The greater changes in duodenum of oral-gavaged birds and the grater changes in ileum of vent lip administered birds verify our previous mentioned hypothesis that probiotic exert more effects on intestinal segment adjacent to their entry.
The intestinal tract epithelium is covered by a mucus layer composed predominantly of mucin glycoproteins, which are synthesized and secreted by goblet cells distributed along the villi. The mucus layer acts both as a medium for protection of the brush border against damage by chemicals or microorganisms and influences transport between luminal contents and the brush border (Forstner and Forstner, 1994) . As mentioned by Jacobsen et al. (1999) , the other role for mucus layers is that they are a source of nutrients for bacteria. This fact is justified by the lower mortality rate observed in probiotic supplemented groups. The increment in number and size of goblet cells, enterocytes and villi due to probiotics has been reported by Rahimi et al. (2009) . The increase in size and number of intestinal glands and villi results in increased enzyme production, and hence better digestion and absorption of nutrients (Rahimi et al., 2009 ). Samanya and Yamauchi (2002) , reported a dose dependent relationship between probiotic and blood glucose levels. A number of researchers have indicated that administration of probiotics to feed increases the rate of D-glucose uptake by intestinal brush border membrane in rat (Eberl, 2005) and chicken (Chichlowski et al., 2007) . Based on our results, we hypothesized that statistically increment of plasma glucose level of oral-administered birds and a slight increase in other probiotic-treated groups in comparison to control, is the subsequent result of higher intestinal glucose uptake after probiotic supplementation. These results are in contrast to the reports of few other researchers, who reported a non-significant blood glucose levels increment in probiotic-treated Japanese quails (Erdogan et al., 2003; Cakir et al., 2008; Sahin et al., 2008) . Slight cholesterol reduction was observed in the probiotic administered groups regardless of the route of administration. Similar to our results, non-significant decrease of plasma cholesterol has been previously reported by Santoso et al. (1995) in broiler chicken and Sahin et al. (2008) and Sarica et al. (2009) in quail. In contrast, Kalavathy et al. (2003) reported a significant reduction of serum cholesterol and triglyceride in broiler. Cakir et al. (2008) reported that supplementation of quail with probiotics had led to non-significant blood triglyceride reduction. Probiotics could reduce the plasma cholesterol by direct up take of cholesterol by bacterial cells, bile salt hydrolysis activity, and inhibition of 3-hydroxy-3-methyl-glutaryl-CoA reductase (Gilliland et al., 1990; de Rodas et al., 1996) . The observed reduction in plasma triglyceride may be due to higher bile salt hydrolysis in small intestine of probiotic treated birds and inefficient lipid absorption due to marginal deficiency in bile salt concentration.
Blood Biochemistry
On the other hand, uricase (urate oxidase) is an enzyme that hydrolyzes uric acid into ammonia. Probiotics have been shown to suppress the growth of uricaseproducing bacteria (Yeo and Kim, 1997) , which could slightly increase the uric acid level in blood. It has been well known that uric acid act as an antioxidant (Becher et al., 1989 and Becher, 1993; Klandorf et al., 2001; Simoyi et al., 2002) . In meat-type birds, because of their protein-rich diet, uric acid is the most important substrate. The fact that the end product of protein metabolism in birds is uric acid (urea in mammals and ammonia in marine organism) may be a natural defense mechanism against aging. In this study, using probiotics resulted in significant increase in plasma uric acid concentration.
Immune Responses
The immune modulation property of probiotics has already been well addressed (Cox and Dalloul, 2015) . Heterophil: lymphocyte (H:L) ratio is regarded as a traditional stress indicator in birds, showing bird response to environmental stressors (Dawkins et al., 2004) . Recently, Cotter 2015, indicates the inadequacies of the H:L ratio used alone as a reliable stress indicator when applied to hens caged in modern facilities. Probiotic regardless of the way of administration, had no significant effect on H:L ratio. Similar results were reported in probiotic-fed broilers raised in low and high stocking densities (Cengiz et al., 2015) .
Sheep red blood cells are frequently used in experiments in order to evaluate the humoral immune response of birds. This non-pathogenic antigen could rule out the possibility of maternal antibody or un-controlled antigen introduction interferences in assessment of birds' immune response. Probiotic administration in the hatchery slightly increased the anti-SRBC antibody titer. Similarly, continuous probiotic administration in feed only slightly improved antibody production against SRBS, while probiotic administration in drinking water improved cellular immune responses to phytohemagglutinin-M and 1-chloro-2,4-dinitro-benzene . Haghighi et al. (2006) , reported enhancement of serum and intestinal natural antibodies to several foreign antigens. Probiotic administration via drinking water significantly improved cellular immune response to DNCB and PHA, although probiotic provision through feed improved cellular immune response to PHA injection compared to control (P < 0.01). However, enhanced immune response to SRBC challenge was not significant in probiotic fed group in comparison to control (P > 0.05). Probiotic enhances the immune competence of broilers by macrophage activation, increase of systemic and local antibody production (Ahmad, 2006) .
CONCLUSION
Our study set out to determine which method of early probiotic administration could improve Japanese quail performance and affect some physiological parameters in these birds. Overall results indicated that all 3 administration methods results in improved performance in the tested birds. Moreover, owing to the non-significant differences in performance parameters observed in all 3 early probiotic administration methods, and owing to the ease of use, we suggest the spray method as a practical method applicable for mass probiotic administration. Using this method, probiotics could be administered over the birds at hatchery or when chicks arrive at the farm, similar to vaccination on a mass scale.
